Sarcina, and Coprococcus (6). These five genera were placed in the family Peptococcaceae simply because their members are gram-positive anaerobic cocci. However, it has been suggested that the members of this family are heterogeneous (2,7,10,11). The family name Peptococcaceae was not included in Bergey's Manual of Systematic Bacteriology, vol. 2 (14), and the members of the family were placed in "other genera'' in Section 12, the gram-positive cocci.
The 16s rRNA sequences of most anaerobic cocci have not been determined. Therefore, the phylogenetic positions of these organisms are not yet clear. Woese (18) extensively analyzed the sequences of bacteria and reported that the members of the division Firmicutes (4) should be divided into two major phylogenetic groups (18) . One group consisted of organisms having low moles percent G+C, and the members of other group had high G+C contents. The anaerobic gram-positive cocci have low G+C contents, and thus we expected them to belong to the low-G+C-content group. When we determined partial sequences of anaerobic cocci and streptococci (l), we found that the anaerobic cocci did not cluster with other members of the low-G+C-content group. Some anaerobic strains of streptococci clustered with peptostreptococi and ruminococci. Other workers have reported that the members of the genus Peptostreptococcus are heterogeneous (7). The levels of RNA-DNA homology among six members of the genus Peptostreptococcus showed that these organisms should be divided into at least five generic groups. Our sequence data supported this observation (unpublished data).
To elucidate the phylogenetic relationships among members of the family Peptococcaceae, we performed additional sequence analyses of 16s ribosomal DNAs from representative anaerobic gram-positive cocci.
MATERIALS AND METHODS
The bacterial strains used and the accession numbers of the 16s ribosomal DNA sequences deposited in the DNA Data Bank of Japan are shown in Table 1 . The sequences of the other species used (Table 2) were obtained from GenBank.
Peptostreptococci and strains of anaerobic streptococci were grown in GAM anaerobic medium (Nissui Corp., Tokyo, Japan) or brucella HK semisolid medium (Kyokuto Corp., Tokyo, Japan). The 16s rRNA genes of these organisms were amplified by using the PCR method and universal primers originally described by Lane et al. (8, 20) . The sequences were determined by using both dye primers and the dye terminator method performed with an automatic sequencer (Applied Biosystems, Foster, Calif. D14150  D14138  D14139  D14142  D14143  D14149  D14144  D14151  D14148  D14137  D14136  D14155 a DDBJ, DNA Data Bank of Japan.
quences from position 8 to position 1392 (Escherichia coli numbering) were determined. The sequences of the other organisms used for alignment and for the similarity matrix were obtained from previously published data available from the DNA Data Bank of Japan. The ODEN program package of the DNA Data Bank of Japan was used to align the sequences, and phylogenetic distances were calculated by using both the unweighted pair group method and the neighbor-joining (NJ) method (13).
RESULTS
Alignment of the sequences of all of the anaerobic cocci tested revealed that these sequences have a unique 25-base deletion between position 445 and position 470 (E. coli numbering). The sequences of representative species around the deleted area are shown in Fig. 1 . The peptostreptococci, ruminococci, sarcinas, coprococci, and clostridia shared this deletion; however, Peptococcus niger ATCC 27731T (T = type strain), the streptococci, the enterococci, the lactococci, and the staphylococci did not have this deletion.
A data set for representative species belonging to the domain Bacten'a (19) was prepared, and the phylogenetic positions of the anaerobic cocci tested were determined by using both the unweighted pair group method and the NJ method. Similar results were obtained from both calculations, and only the results of the NJ method are shown in Fig. 2 .
The anaerobic cocci had low G + C ratios and were expected to belong to the low-G+C-content group; however, these organisms belonged to independent branches of both the high-and low-G+C-content groups (Fig. 3) .
A different data set that included data for low-G+C-content organisms was prepared, and the sequences were aligned. The phylogenetic distances were calculated by the NJ method, as shown in Fig. 2 . When homology values greater than 84% were used ( Fig. 2) , the anaerobic cocci were separated into five major clusters. The type species of the genus Peptococcus, the genus Peptostreptococcus, and the genus Sarcina belong to independent clusters. Sarcina ventriculi GIFU 7886, the spore-forming anaerobic cocci, and Clostridium perfkzngens ATCC 13124T formed one cluster at a level of sequence similarity of 91%. Most other members of the genus Peptostreptococcus belonged to another independent branch (Fig. 2, 4 , and 5); the levels of homology of these organisms ranged from 84 to 93%.
Coprococcus eutactus ATCC 27759T, Ruminococcus gnavus ATCC 29149T, Ruminococcus torques ATCC 27756T, Streptococcus hansenii ATCC 27752T, and Peptostreptococcusproductus ATCC 27340T all belonged to major branch ( Fig. 3 through 5) ; however, the similarity values of these strains ranged from 84 to 89% (Fig. 2) .
Peptostreptococcus productus ATCC 27340T and R. gnavus ATCC 29149T formed a branch at a homology level of 86.70%. These two species also formed a branch with Streptococcus hanseniii ATCC 27752T and Coprococcus eutactus ATCC 27759T ( Fig. 2 and 3) .
The cell wall peptidoglycan types of the anaerobic coccci correlated with the results of the phylogenetic analysis of 16s rRNAs ( Table 2 ). Characteristics that differentiate Pep- P. n i g e r S t . s a n g u i s E . c o l i P s . a n a e r o b i u s R . gnavu s P s . a s a c c h a r o .
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DISCUSSION
Members of the family Peptococcaceae did not cluster in a single group (Fig. 2 through 4) . Peptococcus niger, the type species of the family, was not related to other genera in the family. Peptostreptococcus anaerobius, the type species of the genus Peptostreptococcus, was not related to the other members of the g e p ; it was more closely related to Clostridium sordellii (Fig. 2) .
When a similarity value greater than 84% was used, the anaerobic cocci were separated into the following four groups; Peptococcus niger, the ruminococcus-coprococcus group, the Sarcina-Peptostreptococcus anaerobius group, and the peptostreptococcus group (Fig. 2) . To compare levels of genetic relatedness among previously established groups of low-G + C-content organisms, Listeria rnonocytogenes, Bacillus thurine*ensis, Lactococcus lactis, Staphylococcus aureus, and Streptococcus sanp i s were included in the same. data set (Fig. 2) . These aerobic gram-positive organisms clustered in a single group at similarity values greater than 84% (Fig. 2 ), although they belonged to different families. The data described above indicate that five currently recognized genera of the family Peptococcaceae, including the genera Peptostreptococcus, Sarcina, Ruminococcus, and Coprococcus, should be removed from this family. At the moment, we do not propose new families for these taxa, because there is no commonly accepted concept of family. However, the data clearly indicate that members of the family Peptococcaceae should be divided into different phylogenetic groups in the future. Members of the genus Peptostreptococcus did not cluster with the type species of the genus (Fig. 2 through 5) . Previously (3), we proposed that most members of the genus Peptococcus should be transferred to the genus Peptostreptococcus simply because their G + C contents were more similar to the G+C content of the type species of the genus Peptostreptococcus, Peptostreptococcus anaerobius . The RNA sequence data revealed that the transferred members of the genus Peptostreptococcus are not related to the type species of the genus Peptostreptococcus, Peptostreptococcus anaerobius. We recently completed a sequence analysis of all of the members of the genus Peptostreptococcus, including three new members (9) , and determined the new taxonomic positions of these organisms (unpublished data).
Coprococci and ruminococci are isolated from humans and animal rumina. These organisms have similar chemotaxonomic traits. Their G+C contents range from 39 to 46 mol%. They require fermentable carbohydrates. Position 3 in their cell wall peptidoglycan contains meso-diaminopimelic acid ( Table 2 ). The only difference between the two genera is their metablic end products in peptone-yeast extract-glucose medium. Coprococci produce butyric acid, and ruminococci produce formic, acetic, propionic and often succinic acids (6). These data suggest that the members of the genera Coprococcus and Ruminococcus could be reclassified in a single genus. However, we have studied only three species belonging to the two genera. The levels of homology among the five species studied ranged from 84 to 89%. These values are not high enough to conclude that these organisms belong to a single genus. A new proposal should be made after all members of the genera Coprococcus and Ruminococcus are sequenced.
Peptostreptococcus productus and Streptococcus hansenii clustered with the ruminococci and coprococci and were placed in the ruminococcus-coprococcus group in Fig. 2 . The phenotypic and chemotaxonomic traits of Peptostreptococcus productus resemble the traits of ruminococci and coprococci ( Table 2) . Members of the genus Peptostreptococcus are asaccharolytic. They use peptones as their major energy sources (5, 6, 12); however, Peptostreptococcus productus is not proteolytic but it is saccharolytic. Carbohydrates stimulate the growth of Peptostreptococcus productus. Also, the G+C content of Peptostreptococcus productus is similar to the G+C contents of ruminococci and coprococci.
Streptococcus hansenii ATCC 27752T is strickly anaerobic, and its G+C content ranges from 39 to 42% mol%. It ferments glucose. Carbohydrates stimulate the growth this organism, and the organism produces lactic acid as a major metabolic product in peptone-yeast extract medium (5).
Cell wall peptidoglycan types (16, 17) offer additional evidence. Streptococcus hansenii, Peptostreptococcus productus, coprococci, and ruminococci have similar structures. They all have meso-diaminopimelic acid in position 3 of the peptidoglycan (15) . None of the other members of the genus Peptostreptococcus have this peptidoglycan type.
The genetic and phenotypic data indicate that Peptostreptococcus productus and Streptococcus hansenii should be classified together with the ruminococcus-coprococcus group. At the moment, the only difference between the genus Coprococcus and the genus Ruminococcus is the metabolic products obtained in peptone-yeast extract medium. Ruminococci do not produce butyric acid, but coprococci do produce this acid. Streptococcus hansenii and Peptostreptococcus productus do not produce butyric acid; this phenotypic difference between the two taxa may be a minor difference and should not be used to reclassify the two taxa in a single genus.
However, for the reasons described above, we propose that Peptostreptococcus productus and Streptococcus hansenii should temporarily be placed in the genus Ruminococcus. Ruminococcus hansenii comb. nov. has been described previously (14) . This organism is differentiated from other members of the genus Ruminococcus by its metabolic products and by its carbohydrate fermentation pattern. Charac- teristics that differentiate R. hansenii comb. nov. from other ruminococci are shown in Table 3 .
Description of Ruminucoccus productus (Prkvot 1941) comb. nov. Strictly anaerobic gram-positive cocci. Cells are often elliptical and occur singly, in pairs, and in short chains.
Surface colonies on blood agar are 0.5 to 1.0 mm in diameter, circular, entire, low convex, grayish white, and smooth. Growth is stimulated by fermentable carbohydrates and carbon monoxide. Cellobiose, arabinose, glucose, lactose, maltose, mannitol, mannose, melibiose, sorbitol, sucrose, and xylose are fermented. The major metabolic products in peptone-yeast extract-glucose medium are acetate and formate; occasionally trace amounts of succinate, lactate, and ethanol are produced. Amino acids and peptones are not major energy sources. Nitrate reduction, catalase, and indole production negative. Gas production in glucose deep agar varies from nonexistent to abundant. P-Galactosidase and a-glucosidase are produced, but alkaline phosphatase and P-glucronidase are not produced. Strains are isolated from human feces. This organism is one of the dominant members of the human intestinal flora. Occasionally isolated from human blood cultures. Characteristics that differentiate R. productus from other ruminococci are shown in Table 3 . The type strain is ATCC 27340. The G+C contents of the D N A of five strains range from 43 to 45 mol%. The peptidoglycan in position 3 in meso-diaminopimelic acid.
